Leptin is an anorexia inductor peptide produced by adipocytes and related to fat mass. Leptin is also produced by fat under proinflammatory cytokine action. Our objective is to study serum leptin levels in relation to nutritional status and acute phase response in advanced-stage non-small cell lung cancer.
Leptin is a peptide member of the cytokine receptor family, which is produced primarily by fat cells. It regulates fat mass by decreasing food intake (it decreases the content of neuropeptide Y at the hypothalamus) and increasing resting energy expenditure. 1 Serum leptin concentrations are highly correlated with body fat content, 2 and its production by adipocytes rapidly declines during starvation. Besides this, leptin is also produced by fat under proinflammatory cytokine action, its increase having been reported in the acute phase reaction of sepsis. Leptin increases by the action of endotoxin or cytokines, and has been involved in the anorexia of infection. [3] [4] [5] [6] Weight loss is frequently observed in advanced cancer. 7, 8 Decreased food intake, hypermetabolism, and acute phase response with metabolic disturbances, partly due to host-derived and tumour substances, including various cytokines, are considered important wasting factors. [9] [10] [11] [12] Since anorexia and hypermetabolism frequently play a role in the development of cancer cachexia, it has been hypothesized that increased leptin secretion could be involved in its pathogenesis. There is evidence that ob gene expression may be up-regulated by pro-inflammatory cytokines such as TNF 13 and IL-1, 14 which are also involved in the pathophysiology of cancer cachexia. However, Simons et al. 15 reported low or undetectable circulating leptin concentrations in patients with lung cancer and weight loss, although these investigators did not examine the relationship with the inflammatory response. Wallace et al. 16 found that circulating leptin concentrations in gastrointestinal cancer patients were not related to inflammatory response, suggesting that cancer cachexia is not due to a dysregulation of leptin production. Moreover, Lopez Soriano et al. 17 found that anorexia was not related to leptin changes in experimental cancer.
Our objective is to analyse the relation of serum leptin levels with the nutritional status and the inflammatory response (acute phase reaction) in patients with advanced non-small cell lung cancer.
RESULTS
The distribution by stage was: 6 III A non surgical, 30 III B and 40 IV. The histological distribution was 37 (48.7%) adenocarcinoma, 22 (28.9%) epidermoid and 17 (22.4%) large cell carcinoma. Regarding status performance assessment, 19 (25%) had a Karnofsky of 90%, 36 (47%) a Karnofsky of 80%, and 21 (27,6%) a Karnofsky of 70%. Serum LDH levels were also raised in patients compared with controls (P<0.001).
Thirty three patients (43.4%) reported anorexia, 30 (23%) had lost at least 5% of the body weight (27% of them had lost 10% or more) and in 12 (15.8%) patients the BMI was under 20 kg/m 2 . Serum leptin, cholesterol and total lymphocyte count were all lower in patients regarding controls (P<0,001). However, we did not find significant differences regarding serum albumin levels (Table 1) .
Proinflammatory cytokines IL-6, TNF-, sTNF-RII, sIL-2R and IL-12, antiinflammatory cytokine IL-10, other acute phase reactants as 1 antitrypsin, ferritin, CRP and platelets and immune IFN-were all significantly raised in lung cancer patients compared with controls whereas IL-2 was decreased (Table 1) .
Leptin, nutritional status and acute phase reaction
High serum leptin levels were related with a better status of nutrition, assessed by serum albumin levels, body fat mass, BMI, serum leptin levels and subjective nutritional score. Moreover, we observed a very close, and highly significant, correlation between serum leptin levels and fat mass assessed by bioimpedance (Spearman, rho=0.800, P<0.001) ( Table 2) . We also observed a close relationship, between the nutritional status with the performance status (Karnofsky index): the worse the nutritional status the worse the performance status (serum albumin: P=0.017, fat mass: P=0.015, serum leptin: P=0.015, BMI: P=0.019 and SNS: P=0.021).
We found a negative relation between serum leptin levels and PCR, 1antitrypsin, platelet count, serum ferritin and the proinflammatory cytokines IL-6, sTNF-RII and sIL-2R. So, the status of nutrition was worse and the leptin levels were lower in parallel with a more intense acute phase response (Table 2 ). On the 
Survival analysis
The median survival of the whole group was 198 days. Patients with higher serum LDH levels, lower Karnofsky index and a more impaired nutritional status (lower BMI, serum albumin and leptin levels (Fig. 1) , and worse subjective nutritional score) had a shorter survival, analysed by Kaplan and Meyer curves (Table 3) . Patients with an enhanced acute phase response also showed an impaired prognosis. Excluding TNF , all proinflammatory cytokines IL-6, sTNF-RII, sIL-2R and IL-12, were related to a worse prognosis. On the contrary, proimmune cytokines IFN-, IL-2, were related to a better prognosis. Multivariate analysis (Cox regression analysis with covariates) showed that raised serum levels of sTNF-RII, 1 antitrypsin, LDH and platelets were all survival factors with independent prognostic value, whereas all the nutritional variables, including serum leptin levels, and Karnofsky index were displaced by the acute phase reactants.
DISCUSSION
Patients with advanced non-small cell lung cancer frequently suffer anorexia, weight loss and malnutrition leading to a low BMI, low fat mass and serum leptin levels, all of them factors associated with a worse prognosis. The Karnofsky index is another well known prognostic factor in patients with cancer. Moreover, we observed a close relationship between the performance status and the nutritional status, However at multivariate analysis acute phase reaction (proinflammatory cytokines) provide a better information about prognosis. probably reflecting the effect of muscle and other protein loss on performance. It is unclear whether leptin acts as an acute phase reactant, leading to anorexia and malnutrition, or if it is only a simple marker of fat mass in cancer associated malnutrition. Different studies have shown that leptin concentrations are increased during cytokine-induced inflammatory response in sepsis patients, [3] [4] [5] [6] suggesting that raised leptin levels may be related to anorexia. However in many common diseases leading to cachexia, in which there is also an inflammatory status caused by raised proinflammatory cytokines, serum leptin levels are decreased. This is the case of wasting associated to chronic obstructive pulmonary disease (COPD) in which, despite an increase of TNF , there are low leptin levels which keep a relation with decreased fat mass, 18, 19 or chronic heart failure cachexia, in which serum TNF and IL-1 levels are increased but leptin ones are decreased.
20, 21 Also, in chronic inflammatory bowel disease and in wasting AIDS low or normal serum leptin levels have been reported despite an increase of sTNF-RII. 22, 23 Our results are in accordance with last studios. Serum leptin levels were lower in patients than in controls and, more decreased in the malnourished patients (as expected the relation was especially close with fat mass), despite an increase of proinflammatory cytokines and acute phase reactants. In advanced lung cancer patients we found that acute phase reactants as CRP, ferritin and 1 antitrypsin, the proinflammatory cytokines IL-6, TNF-, sTNF-RII, sIL-2R, IL-12, the antiinflammatory IL-10 and the proimmune IFNwere all raised, together with, an impaired nutritional status and low serum leptin levels. On the contrary, IL-2, a proimmune cytokine, was decreased, perhaps pointing to a depressed T cell immune response. Moreover, the increased acute phase response and cytokine levels were related to an impaired status of nutrition including decreased serum leptin levels. So, the increase of acute phase reactants related to lower serum leptin levels and worse nutritional and performance status, suggest a stress-type malnutrition.
Our results do not support the hypothesis that high serum leptin levels, produced by a intense acute phase reaction, could be involved in anorexia and cachexia associated to cancer. Moreover, serum leptin levels were not higher in patients with anorexia, and weight loss was associated with low serum leptin concentrations. These results are similar to the reports of Simons et al. (1997) 15 and Brown et al. (2001) 24 in lung cancer, and Wallace et al. (1998) 16 in gastrointestinal cancer and Mantovani et al. (2000) 25 in pancreas cancer, in which leptin concentrations were not elevated in weight-loosing cancer patients.
Although the median survival of the whole group is only 198 days, by survival analysis we found that the status of nutrition, including leptin, the performance status and the acute phase reaction, were related to prognosis. However, in the multivariate analysis the performance status was displaced by the status of nutrition and this one by the acute phase reaction, indicating that all of them are related, providing similar information about survival, and reinforcing the importance of acute phase reaction and stress malnutrition in the evolution of advanced lung cancer.
As conclusion, serum leptin levels are not raised in patients with advanced non-small cell lung cancer, and its production is not induced by the inflammatory response. Moreover, concentrations of leptin seem appropriate for the amount of body fat. Therefore, it would appear that cancer anorexia and cachexia are due to stress malnutrition and they are not caused by a dysregulation of leptin production. Perhaps in advanced malnutrition serum leptin levels are more dependent on to fat mass than on cytokine effect.
MATERIALS AND METHODS

Patients
Between January 1997 and November 1999 we studied 76 patients (67 males and 9 females), with a median age of 62.5 years (range 36-75) recently diagnosed of non-small cell lung cancer, in advanced (non-surgical) stage, and before chemotherapy treatment. Patients were not included if brain metastasis were present, or if a poor performance status (Karnofsky index less than 70%), or if any other chronic disease producing malnutrition was present. The control group was composed of 30 healthy subjects (26 males and 4 females) with a median age of 58.5 years (range 38-75). All patients had been diagnosed by histological or cytological means. Status performance was assessed by the Karfnosky scale 26 . The TNM classification 27 was assessed by chest and upper abdominal CT scan, and a bone radionuclide scan, and was used for sstaging. Serum lactic dehydrogenase (LDH) levels were also used as an index of tumour bulk.
Nutritional assessment
Weight and height were recorded at admittance, with further calculation of body mass index (BMI) as weight/ height 2 . Anorexia and weight loss were also recorded with further calculation of weight lost percentage as: weight lost/(current weight+lost weight) 100.
Subjective nutritional assessment included examination of the muscle masses of the upper and lower limbs and of the temporal muscle, defining two degrees of atrophy (severe, moderate), and absence of atrophy. We assigned 2.1 and 0 points to each category, respectively. Bichat's fat and subcutaneous fat atrophy, recorded by physical examination were classified in the same way. Thus, we have defined a subjective nutritional score (SNS) based on the sum of the assigned points, the poorest value being 10, and 0 the best one, as previously reported. 28 The fat mass and fat-free mass
